Abstract: Treatment of D-fructopyranose and D-fructofuranose 1,2-O-acetonide derivatives with triflic acid in the presence of a variety of nitriles results in the formation of fused or spiro 2-oxazolines. The reaction implies (i) activation of the anomeric centre with simultaneous isopropylidene cleavage, (ii) nucleophilic addition of the nitrile to the corresponding oxocarbenium cation intermediate and (iii) subsequent trapping of the resulting nitrilium ion species by the remaining hydroxyl group in an intramolecular Ritter-like reaction.
2-Oxazolines constitute a wide family of five-membered heterocycles with important applications in the fields of organic synthesis, 1 catalysis, 2,3 and pharmacology. 4 2-Amino-2-deoxysugar 2-oxazoline derivatives have been broadly used as glycosyl donors in the synthesis of natural oligosaccharides 5 and have also been proposed as glycosidase substrates 6 and inhibitors. 7 Recently, interest in the synthesis of the isomeric glycosylamine 2-oxazoline derivatives (glycosyl isooxazolines) has grown because these compounds can serve as intermediates in the stereoselective construction of the glycosyl amide bond, a key structural feature of N-glycoproteins. 8 However, further applications have been limited so far due to the lack of suitable preparative methods and the relative instability of the anomeric 2-oxazoline ring.
The Ritter reaction, 9 i.e., the generation of a relatively stable carbocation and its in situ trapping by nitriles, to give transient nitrilium species that can undergo further inter or intramolecular nucleophilic attack by a suitably located group, is an attractive strategy for the preparation of a variety of amide products and azaheterocycles that has already found utility in carbohydrate chemistry.
10 Transient glycosyl isooxazoline intermediates have been already invoked in some Ritter-like transformations. 11 Yet, only in a few cases they have been isolated and fully characterized. 12 In previous work, we have shown that D-fructose isopropylidene derivatives can be readily activated with triflic acid to give a transient b-hydroxy oxocarbenium cation. 13 In the absence of any other nucleophile, spirodisaccharides (di-D-fructose dianhydrides) are formed. We now report the extension of this strategy to the stereoselective preparation of fused and spiro glycosyl isoxazolines by a Ritter-like reaction involving (i) nitrile addition to the fructosyl cation and (ii) subsequent intramolecular trapping of the initially formed nitrilium ion by the vicinal free hydroxyl group (Scheme 1). the corresponding fused isooxazoline with b-anomeric configuration (6a-d) was the only reaction product ( Figure 1 and Table 1 , entries 1-4). The stereochemical outcome is governed in this case by the orientation of OH-3, formation of a trans-fused bicyclic system being prevented due to steric strain. Contrary to that reported for previous preparations of aldose-derived glycosyl isooxazolines, compounds 6a-d were found to be rather stable. In fact, it is known that the stability of the oxazolinium cation increases with the number of electron-donating carbon substituents in the ring. 15 Moreover, oxazolinium triflates are still more stable, since the triflate counterion is a very weak nucleophile, which is unable to attack the oxazolinium ring. 16 Activation of 1,2:4,5-di-O-isopropylidene-b-D-fructopyranose precursors (2 and 3) 14 with triflic acid in the presence of a nitrile afforded spiro isooxazolines (7a-d and 8, respectively). 17 Only the b-configured compounds, having the pyranose ring in the 1 C 4 conformation, were detected, irrespective of the participating (benzoyl) or nonparticipating character (benzyl) of the hydroxyl protecting group at O-3 (Table 1 , entries 5-9). It is noteworthy that this situation implies the axial orientation of the N-substituent at the anomeric position, a generally unfavorable arrangement for N-glycosidic derivatives due to the reverse anomeric effect. 18 In fact, the preference for the axial orientation has previously been observed in the case of glycosylacetonitrilium ions, which have been trapped as the corresponding imides by reaction with carboxylic acids. 19 Our results indicate that this scenario is probably general for glycosylnitrilium salts. Moreover, the decreased positive charge density at the isooxazoline nitrogen atom, as compared with amines, in combination with the preferred equatorial orientation for the carbon substituent, probably prevents anomerization of the final compounds, a typical problem in the case of per-O-protected glycosylamine derivatives. 20 3,4,6-Tri-O-protected 1,2-O-isopropylidene-b-D-fructofuranose derivatives (4 and 5) 21 likewise afforded spiro isooxazolines having the b-anomeric configuration at the fructose moiety upon reaction with acetonitrile under the above reaction conditions (9 and 10, respectively, Table 1 , entries 10 and 11). In the case of the benzoylated precursor, however, the cis-fused bicyclic isooxazoline 11, arising from O-3 to O-1 acyl migration prior to oxazoline ring closure, was the major reaction product (Table 1, 
In summary, the Ritter-based strategy reported herein is effective for accessing fused as well as spiro glycosyl isooxazolines from readily obtainable D-fructose acetonides. The commercial availability of a large number of nitriles and the simplicity of the method should be attractive not only to exploit the rich chemistry of 2-oxazolines in carbohydrate transformation schemes but also for the preparation of chiral 2-oxazoline libraries, of interest as ligands in asymmetric catalysis. Work in both directions is currently being investigated in our laboratories.
General procedure: To a 0.114 M solution of the corresponding Dfructose precursor 1-5 and the nitrile counterpart (10 equiv) in distilled CH 2 Cl 2 at -20 °C, TfOH (1.5 equiv) was added under Ar atmosphere. The reaction mixture was allowed to warm up to r.t. and stirred for the time indicated in Table 1 . Then Et 3 N was added, the solvents were evaporated under reduced pressure and the products were purified by column chromatography using mixtures of EtOAc-petroleum ether as eluent. All products gave satisfactory MS and microanalysis data in agreement with the proposed structures. The isolated yields are indicated in Table 1 a All reactions were carried out in CH 2 Cl 2 at -20 °C to r.t. using 10 equiv of the nitrile and 1.5 equiv of the acid promotor. Selected data for 7a: R f = 0.54 
